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B REFERRGREENEERE, SURBHNERKEEN 1 3.9, MI3Y 5iE TREWERZ, LRy ER
%k 2.93, FIFAESMESN, RENRER NS FEE 6 H,k BMRA - EWRBRBEERN 12.6% , 5k B BB HEHRBER
10.4% , - RER MR N 11.5% , G0 %EETEE( Connectance Index, CI) Fl & i 2= & #5 %1 ( System Omnivory Index, SOI) 43
H4 0.290 F10.239;Finn’ s JEFFFE 5 (Finn’ s cycling index, FCI) Fl1Z& 4t ¥ §842 K B (Finn’ s mean path length, MPL) 435k
4.380 F12. 476 ; SAIFAET 1/ BFIR R 2. 596, LR E FH R R HETR AL B AE S R AL T AR B
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Assessment of the food-web structure, energy flows, and system attribute of

northern South China Sea ecosystem

CHEN Zuozhi* , QIU Yongsong
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China

Abstract ; In this paper we developed a mass-balance model ( Ecopath) using Ecopath with Ecosim software for the northern
South China Sea (NSCS, 107°00'—120°00’ E.17°00’—23°30'N). Input data were mainly from the information collected
in marine ecology surveys during 2007 —2008. Using the Ecopath model, we evaluated the trophic structure, energy flow
and system attribute, and briefly summarizes the characteristic of the over-fishing ecosystem also. The balanced model
suggests that the system was dominated by the grazing food chain; with primary producers serving as a principal source of
energy in the system. Fractional trophic levels ranged from 1.0 to 3. 99, with marine mammals occupying the highest
trophic level. The mean trophic level of fishery catch in the NSCS ecosystem for the 2007 —2008 was 2. 93. Using network
analysis, the system network was mapped into a linear food chain and six discrete trophic levels were found with a mean
transfer efficiency of 11.5% , 10.4% from detritus and 12.6% from primary producer within the ecosystem. In this study
the Connectance index (CI) and system omnivory index (SOI) were 0.290 and 0.239, respectively. A Finn cycling index
(FCI) of 4.380 and mean path length (MPL) of 2. 476 were obtained also. Furthermore, the ratio of total primary
production/total respiration ( TPP/TR) was 2. 596 in the system. We can conclude that, therefore, the system is still
immature and instable through analysis and discussion. This paper also briefly summarizes the characteristic of the over-

fishing ecosystem.
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5163 (northern South China Sea, NSCS) 2 Hiflid #iE &5 RS, F7E 20 47 70 £, gL a0
WEH E BT AKX BB EHT BRI 80 AR LG U 3 b YRt 8 B 5E 0 i A A, BEE
S B AN TS, B AT RE VAR ( BN R AR X AL IR ) SR B R el VR R X B 75 0 sl A
B, B B AR R B AW T R, S RE TR B 1 I AN gh BT AR, BETE MR R AR A R
BRI W IR EAE MEDN F i ERERR E M EBR R ETBAS  BRESREYE
RN ( FE R ) Mg,

2 553 0 L AL TF 8 5 6 MR R 22 o 16 A 75 R GRS IR T T A s AR 7
REWEEM AR RS R CAES RGUKFERMERE . A SR HE 2007—2008 4F (8] 76 7 ML EBHEAT B
HESBE (R AR ) R AR 25 PR B 25 % , 1 F LT 9 Ecopath with Ecosim 6. 0(EwE 6. 0) # 4 HI 8 T R M-It 301
PEAEZS R A SEB R (Ecopath) , 207 T IR MG AL B S R R WM S BEB W 30, N T
RGHBRRHE , B TE LR T A S RGN L & BRI R KR
1 #REFE
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Fig.1 Map showing the northern South China Sea ecosystem area and sampling sites
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ARSI H B E SR AR R I 28 8 S RO FLEh 58 T B DI BERF L TR s i AE S RGP RER T B
RoFEAE AR AR R, B R G — DD RERE O RE R R AR A R -
B - HE BARSEL - i & =0, Ecopath BEMGIETMZ .0 72 : — MR Y P, — 15 1B REE 7
o rRRARN:
P,=Y,+B, XM, +E, + BA, + M, (1)
Q:=P,+R; + U, (2)
A, PARREATR,Y ZHEE,BRAEVE, M IHER TR ERETIB(TH-IEA) ,BAREY
BRR, M, 2H BT, REFRE, URRELNEYR,QRIHFER. M, =P, x (1 -EE,) ,[ARHEI
T3,
RIS A Y B PR RAERT SRR AL, AR (1) AT — 2B R 0

B, x (P/B,) x EE, = ¥ B; x (Q/B); x DC; - Y, — E, - B4, = 0 (3)
j=1

AH L EE ZIGERE | MAERERME IBEBAERGTF ML DC,2EHEE ) SHEE W
W 2H B B
1.2.1 IhEe#ERI5

RIERAE PRt CER LT R) KBRS B dtE A SR AN EFEERA H 29 11
BRI, RAEE THBILHBEESRARER IV ELE 29 NIRRT NHE JREEH 7
UAAEY IR KB NRUR AR B K RURAR S AT R SR RS BB Sk R 2R e TR HEsh Y 8
B KBRS KRR &4 af Aeaf BT a)E iwilE Hee e hEp FEAJE KR
th EE A NRZ A KRR E A SO HER B SRS, AR TR TR A
Py 5 R R R R A 90% DA B BIRPS R IhRERF AR M FEMARE 1,

1.2.2 DiRe#FAEYFSEORTE

£ Ecopath BRI R B R G HHIF AT U R R (B g Com BB E t-km ) RER,
B[] — R PR Oy ao WAL BE IR A A Wy Bl ok 100 ARG R, /N TG B HESh W i AR W) ARG BB, A SGE
EwE SRR TR B, KRB TCE HEsh i M2 1 A4 ) & (Biomass, B) FEOR HIAASIE. EASRET
BHE DL T , A 7= &/ 4 ) & (Production/Biomass, P/B) 5T Bt BIET-F(Z) ,— AT F| A Gulland (¥
MR s R Z, o B BARFET- R B M WK A Pauly 2R AR P IEE, AAHEFER/ Y
& ( Consumption/Biomass, Q/B) 2434 Palomares Fl Pauly' ™! $ i ) Fil 88 /MY i 2 70 B BRI R 338
St T & AR T T ERE, th TR 2 P/B HAER Q/B 1, 430 B4 5 ML S RGASE 55
JEERI A R R E AR TR FR B A Th RE R, 45 A Wl B e 9 0 U Sk sE R R i P/B A Q/B
S8, BNEALIREE A S RERNA VIS MR A B SPREFRIA XL AR, %)
KRTER P E WA R KR P Y8 R o AR A8 FR L3R (Ecotrophic efficiency, EE) &4 =B X A 25
ARG e E B LB, BUETEEI7E 0—1 Z[8], i1 F EE RXEE I E MR 3], 8% 7 IR B RIS, #id
Ecopath BRI JHHE R G VAR 15 . T BEHE I B 9 41 6 [ ( Diet composition, DC) 3k H FRIFALME Y
ST o
1.2.3 Ecopath &8I F7E1R,

Ecopath #5581t 72 2 5 A 25 R 40 1% A Fdias B DR 9 -4, B 2 i %& P/B.Q/B EE FIEWH 5
SR, R B — THRERE A A R S R AH S . B SR FE SRR sS AL B AR P, BT LAGE R RS B A Y
Ecowrite {25848 B8 S 5 FITE O, 3 F Pedigree SKPEH B FIBI AL B (A R & . X TR ETEHE NS
B, 7] LASE AR H LA 3B Y B R 43 A7 R %Y, 5 Ecoranger #E1T S 8Uh 11, i A S EHE R & AR HE T 15 2
BRI A S AT EFREHE (EE) BRI K5 250 7£ Ecopath L () i A S 80+ , 8 F % KH8
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F1 BB ESRYS Ecopath R IR T EFRE
Table 1 Functional groups and main species checklist in the NSCS ecosystem Ecopath model
5 ThReRE DIREREREA
No. Functional groups Groups Description
1 TR A 7 T B B
2 T HEY) T 8
3 s JTA T A B
4 RiEsh Y BRAE, MERW TS, WKk, RN, i, BWMAE, Bk
5 piSH3 KR A PR IK B4
6 /NN AR B W) K <1mm, WIHLEL, WEIY, HREE, Bl ,%
7 KAV Y WA > 1mm, BB Y, PFRRIGI, 415, %
8 R PixTURIR, MEERE, JRIFE BB iR g , %
9 B RTERL, AERL, 108 Charybdis miles, HZAIE Charybdis japonica, 183k R}
. [ E I, Loligo chinensis, SIJABIL I, Loligo edulis, 42 Sepia esculenta, %55 Octopus ocellatus , 11
10 Ffede Octopus variabilis , %
11 HETHEHEHY SUERE, A, MR, WA, WS
12 o % B 65 Pecaptivm maruadsi, $0 5 #5 Decapterus lajafzg, r §§ﬁ Trachurus japonicus, Ty B # My #5 Caranx
malabaricus, WiM#5 Caranx kalla, 437 #li#5 Selaroides leptolepis , %5
13 KA ZKIAUS ] Evynnis cardinals
14 SR HHRL KR KIREH Priacanthus tayenus, 45 RKHR# Priacanthus macracanthus
15 Pl ii‘x;ﬁ n]\j:n;:];::w g:irgatus, WK 448 40 Nemipterus bathybius, H 7<4x2%4f Nemipterus japonicu, 1 BT 4> 2% £
16 TR i f‘lrgyrosomu..s. argentatus, K3k Ll Argyrosomus macrocephalus , % I i £2 Argyrosomus aneus, Wi
81 Johnius belengerii , %5
17 HFaE HPLAE T40 Siganus oramin, ¥ PEE 40 Siganus fuscescens , %5
18 it Zﬁﬁﬂ{'ﬁﬁfﬁ Saurida undosquamis , gﬁﬂ(ﬁﬁfﬁ Saurida tumbil, KW Saurida elongata, J§ B+ Synodus
hoshinonis, X BN, 4 Synodus variegatus , %
19 R ﬁ%%ﬁ TefztoTiceps cn'stat.us s ./J\%ﬁ Trichiurus muticus, 8 Trichiurus haumela, 577 Trichiurus brevis,
T Y7 A Trichiurus nanhaiensis , %
y LKA 8] Lutjanus johni, T4EH Y Lutjanus sebae, # G 8] Lutjanus russelli, VU788 Lutjanus kasmira, 21
20 iR i85 Lutjanus sanguineus ,%
21 /B RS L, <30cm, AR, BEGEL, KR, SERL, 8201, SRRLAS, 6L, %
22 KEIep bR L, >30cm, 5%}, 8F}, AR, &R, BIRYF, %
23 INRYR R L, <30cm, g8}, SGHARE, RZHRE, KOCHIRL, REtaRl, Mew, Fafl, b, %
- L, >30cm, SYSEEERE, UitRl, HOGHIRL, SR, FAERL, WAL, BERRL, R, MR, 9%, R,
Mo RMRERR  wn wese, SRS
25 fT 0% BUEERE, BEARL, MR, FEfOR, NETRL, %
26 i 75i% B} Orictolobidae, E ¥ B} Carcharhinidae, Ji¥%#} Squatinidae , %5
7 W B, W, R, VR, WAL, 45
28 LY KR, TR, R, 5%
29 wH VR A HLBR NI A BBk

SrINEERERY EE Do RAE R RRIK S AR R BT A EE EIREEEVNT 1, M RER R RGP I 3h (R 51
5, N SR E B R G HADE B A S B G HE. fa , BB H 4558 AT LU R — X3RS [R5 8] ) Ecopath
HERIEE SR B B PG 7 15 LR, tumT L5 HAd S (0L X R Y Ecopath #LRIZE SR LR, 15 th 58 hn-& 28 iy o B8 o
A SCHTHI R R AL R Ecopath A7) AR F S T H WU /K" Fipg b EME ! BRI 2
3, )5 KR g LR Ecopath B REIE S B AR AR 2.
2 HZR55H
2.1 FACERAES R TR RER A

BRFRERIKR AR FAYRANEFIE I BN EFRR(UREER) , LR KRR
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®2 BBLEESRY Ecopath R IR EESH, R ARETHENSH
Table 2 Input and output (in italic) parameters of the Ecopath model of the NSCS ecosystem

L2750 AR EYR AR YR

zJJEEtE:nal groups Biomas_sz/ Production_/lBiomass Cf)nsumptior_l/l Eﬁ%fﬁ;g Tro;};gh?f%zvel
(t*km~%) /a Biomass /a
JEEWIZE 7= Benthic producers 153.00 11.86 - 0.25 1.00
FRUFHEY) Phytoplankton 15.00 230 - 0.52 1.00
I Coral 2.40 1.09 9.00 0.26 2.60
FWiEh% Zooplankton 13.50 36.00 186.00 0.28 2.00
JK £} Jellyfish 1.68 5.011 25.05 0.75 3.00
JNBUEAI B Micro-zoobenthos 13.76 6.57 36.90 0.73 2.06
KEVENI BN Macro-zoobenthos 5.60 3.00 18.50 0.58 2.47
#F2& Shrimp 0.69 4.80 41.537 0.90 2.89
2% Crab 0.81 5.65 26.90 0.83 2.73
3k 23 Cephalopod 1.24 3.50 12.60 0.88 2.61
HETEHESIY Other invertebrates 0.57 7.60 41.54 0.89 2.92
%R} Carangidae 0.56 2.15 16.70 0.89 2.99
Z KA Y Evynnis cardinals 0.33 2.825 13.50 0.87 3.09
FHR 4B} Priacanthidae 0.132 3.72 12.80 0.94 3.00
428 Nemipteridae 0.146 2.65 14.30 0.94 3.14
A E Rl Sciaenidae 0.16 3.55 12.25 0.85 3.01
i F )8 Siganidae 0.076 3.24 11.35 0.83 3.04
gt 8 Sauridae 0.12 1.78 7.11 0.93 3.52
7 #, Trichiuridae 0.031 0.80 6.83 0.96 3.57
#5375} Lutjanidae 0.041 0.64 4.63 0.95 3.55
/NELH )24 28 Small pelagic fish 1.37 2.88 11.00 0.85 2.86
KEIH |22 Large pelagic fish 0.38 1.20 6.35 0.87 3.74
/N JZ 126 Small demersal fish 1.53 3.00 10.47 0.85 2.89
KAKZ 125 Small demersal fish 0.24 0.94 5.11 0.88 3.93
fiL F1%% Rays and Skates 0.016 0.50 6.35 0.00 3.68
%10 Sharks 0.05 0.40 6.83 0.07 3.95
#§ 19 Sea birds 0.0024 0.06 76.28 0.00 3.85
YFFEHFL 30 Marine mammals 0.009 0.045 14.7682 0.00 3.99
#JH Detritus 200 - - 0.27 1.00

—: MREALE

FRo MBI KERESREAGHN 6 MEAERK, HPEFRF VIV MR YR =2 ERIMK,
BB R PSR & 358, BMIRE B E KR, BB TGN, A SRR S TFIEMAE(K3).

BRG] FEHVIRATE (IERAGE=E Y B aN, R ARG RN EERIE, W
BEEKRE,EFR | IR RN 3092.504 t-km >a™', FRE BEIHE RN 93.03% , HApRIE T R4
= 59.94% TR H BB K 4 40.06% . WEFRWMM A RE , REFRRMEERERS SEKLH, EF
F 1A HIRE & 9714. 236 t-km *a ™" F13092. 550 t-km *a ™', A5 HEEAN RS HEETRE 74. 51% F1
23.72% . MXTE , REFRZWREIR LA, EFREINV IV KRBT B RETLA 0. 17% F10.01% , EFH%
VUL BB LR 7] LA Z B AT o

BHRE | WG R E N 3393.045 t-km a5 T REBFEM 76.27% , Ho sk ARBHHE &
8.99% RHWMBAEFHE ] 91.01%, EFH I Firm /g BN 998.723 t-km 2 a™', |5 7 M )8 A &1
22.45% , RGN EFRE N MR TS, TATERRN KLU EEgaaf A, T, EgdtiErEES R
SGHREM R W TTIR 2Ok B THIHRA -, BEBE EEE | S IVEFRZERS .

http ://www. ecologica. cn



4860 g & ¥ ik 30 &

F3 HHBIBESRELRERNSH
Table 3 Distribution of total flows at aggregated trophic levels in the NSCS ecosystem

-390

/ p / 2 / IS ¥h v
R
Trophic level C vion b (t-km™>a"!) (tkm~%a"!) (t-km™>a"!) (t*km~%a™!)

P onsump l on by Export Flow to detritus Respiration Throughput
predation
Vi 0.012 0.013 0.044 0.099 0.162
v 0.162 0.167 0.483 1.139 1.919
v 1.919 1.401 5.284 14.027 22.530
I 22.530 5.298 51.067 127.094 206. 020
I 207.058 2.429 998.723 1885.231 3092. 550
I 3092. 504 3227.684 3393.045 0 9714.236
431 Total 3324.185 3236.992 4448. 650 2027.590 13037. 417

2.2 FIBICERAES RGN RETEE

K 2 it A S REW RS RE . WA LA S, EiEErA S REWEERR®RE
FEAUFEPIR: — RN E B, R TR Y —/ N Sl B 62K 7 — R R E a Yk,
PR A Y- BB sh Y —/ N AR -, RN ESRENBRRNSIHE T
BMA6., NS EEHREER NMER ZELXMEBIE, XEMEA R IFIFEY MRS
# [Tt =K IEELE 8 ( Evynnis cardinals) % [R#% ( Decapterus maruadsi) \#iE25 ( Leiognathidae ) 25 /N80 £ 2%
DA R R B8 28 ) 4 £ ) R FEIR KRR B EIE T ix s fh kb e i o
2.3 BEFREMRER W IIRE

MELHEFESRESERRAMERNNE 4. TUEL, REKWEFRR 1 #F FRCRER, ¥
FAgr=E 1 EERF L MIMEIENRS.8% ,BALT R BB BHUBER8.2% . BBMBERFHRKEEE
F: DA 2, P R4 B0 13. 5% F1 14. 7% , 2 J5 AWK, B3R V LA ENIRESI 6% DATF . dfkik
{3k R ok B THEJB A S A F=E BB AT ol 12.6% F110. 4% , BRI RE B BSR N 11.5%

BRI, EESRETHE N & SRR 41% , T EERIE TR E=ER N 9% (£ 4) , ZHRS
HIRELEE IR BN £

x4 FEHBIBESRESEFENELRYE

Table 4 Transfer efficiency of discrete trophic levels in the NSCS ecosystem

S Source E3FE%% Trophic level

I I I v \ Vi
H: 7= Producer - 5.8 13.8 13.9 10.8 3.1
)8 Detritus - 8.2 13.2 15.8 10.1 2.4
EBEF All flows - 6.7 13.5 14.7 10.5 2.7

)8 T 5 BB L Proportion of total flow originating from detritus; 0. 41
AL Transfer efficiencies

PG A3 3 From primary producers: 10.4%
B EE AR From detritus: 12.6%

SR FEALRL R Total: 11.5%

2.4 EiEACERAES RGN REREE KX R

Bl 3 R LR AE S R G T REREIE] ROIR & B 97 K & (Mixed trophic impact, MTI) , B sp HZ EJ7 NIE, T
T et o IEAE R RERE AL W (3 ok AR X 2 D RE AR i A W B I B R BEE AT, T ER 4 A &
RIS X AL 2 0 A W I P R R . ATEL 3 AT i, PRIFAR A IR A 7= 3 A AL JB AR g R
(ERIERL A X RER o D REREA BRI . IRFIH B (Nl sh ) JRiZh ) TERER A R %% Eile
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FAAERZUB TV, IR TE T E N TR B/ NEL R sh 1, I A ZE BN I B R IESE S R R . DERE &
NS U IS — R B TR, X AT RE RN R IR—— AT S S S P B

/NI bR A
KB bR %

HERH DY)
i
ALY

KRR
Grthifa Bl
Fi

i 70 B

| i a3

|5f=ﬁ§:@ﬂ
HHEHILE Y

KRB J2fa 2
WE
ik

A

KB JRAGZ )
e
%

RV A 7=
TR
T
S
AN Zh
R
R

B

S
gy
DYEES

JRAH A 7= 3 -
Y e

3

o P
A

AN AN ) ——— —_—
KRH 2 — o -

LIS
S == —

WIRB4LE 3R & Relationship between functional group nutrition
b=
&
B
2

YEEWEL
S ———— 5
el — — —_ _—

B3 @iRltHsEESREEFRREEGXRE
Fig. 3 Mixed trophic impact in the NSCS ecosystem
JEIH: 7= Benthic producers; JF 4% Phytoplankton ; Bt Coral ; Il 5h4¥) Zooplankton ; 7K £ Jellyfish ; /N A 54 Micro-zoobenthos ; 7Y
JEIZN%) Macro-zoobenthos ; ¥} Shrimp ; 82 Crab; 3k /23§ Cephalopod ; Ho'& TLH HESN Y Other invertebrates ; #5F} Carangidae ; — 1 kAL 14 #4
Evynnis cardinals ; X HR #§ B} Priacanthidae; 4> 28 1 B} Nemipteridae; £7 15 45} Sciaenidae; {f T J& Siganidae; Jij £} £ Bl Sauridae; 1fj &5 B}
Lutjanidae ; #7 # Trichiuridae; /N A 2428 Small pelagic fish; KB | JZ 28 Large pelagic fish; /N2 #2 Small demersal fish ; KR
JZ2#2K Small demersal fish; i F1%% Rays and Skates; % i Sharks;¥#F5 Sea birds; ¥ EIHFL304Y) Marine mammals ;7% Detritus ; i)l Fishery

TR B & Z A A BB B 58O, JCIL R 2L 3h Wkt e £ STt 5 75 500 R B RN 5 SR TG , TR A & *
Ko FAFIE I TN A BA S, o g s /NS R A S B IR fE e B B IE RN o X2 BB fa JLF- 7]
DB & dR2e, (B2 H X AR R M & v LU HBIR B AR B R K, HIESN KT i
BN
2.5 mEEALERIEE AR RE R B ARHE

Ecopath 17 h A VF 2388 A] LARR R IUEL FoE MEF B 6 R, B iBILI A S R G R A
FESBILEK S, RERMERRMERGEMENIEIR, ER2EIHFE S5 L S rPR L R mAREB RS, B
WAL AE SRS B & 13037.00 t-km >-a™', Hi 25.5% W RS B FERE (3324, 185 t-km *a™'),
24. 8% Ak (3236.992 t-km >a™'),15. 6% g MR B (2027.590 t-km *a™'),34. 1% R B A&
(4448.650 t-km >a™'),

RGEMEAYER CRITERBEN) K212.761 t-km ™, 25 5 RE BV EEFRMAL LT RN 4. 0%
M1.6% . RGEWHAETFE S/ Pk B 1) E{E ( Total primary production/total respiration, TPP/TR) /& FRAF 24 ik,
BB B bR, B AT IEALES TPP/TR HE N 2. 596,
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x5 EHLBESRGERGHITESH
Table 5 Summary statistics of the net flow in the NSCS ecosystem

4212351 System statistics $fE Value
HE#ERE Sum of all consumption (SC) /(t-km2a~1) 3324.185
Hkg A Sum of all exports (SEX)/ (t-km~2a~!) 3236.992
SR Sum of all respiratory flows (TR)/(t-km~%a~!) 2027.590
Wil B Sum of all flows into detritus (TDET)/ (t-km™%a™') 4448.650
RS M Total system throughput (T)/(t-km~%a"!) 13037. 000
A 4L Sum of all production (TP)/(t-km~2a~!) 5895.000
M4 77 Caleulated total net primary production (NPP)/(t-km~2%a~!) 5264. 580
BRI TR/ S & Total primary production/total respiration ( TPP/TR) 2.596
ARG 477 Net system production (NSP)/ (t-km~%a~!) 3236.990
Sy Total biomass (excluding detritus, TB) / (t-km™2) 212.761
AR/ B4 e Total biomass/total primary production ( TB/TPP) 0.040
AR/ Bfi & Total biomass/total throughput ( TB/T) 0.016
a3k Y F- 145 75 9% Mean trophic level of the catch (TL) 2.93
ARG EREFEEL Connectance Index ( CI) 0.290
R G A £ 355 System Omnivory, Index (SOI) 0.239
Finn's #EFF45%X Finn's Cycling Index ( FCI) 4.380
Finn's 342 K ¥ Finn’s mean path length ( MPL) 2.476

3 e

BYKRZESRESHATRRNEAR KL, EEEL BEVE-BYMNEL N EERBREYE™
7, REBRGEYREF R I ARG MRS A= B RE A=A, EREILES RS
IR Z5H S BB RIS 723 SR T AR RIKF IR G 2, AR R R e R B R R (EE R
) WA (E 2) . WIS SR TR ERRALE, N 3.99; KRR AR KRB RZEAK, /7
SJ93.95 #13.93, FEAEFTARMERFIEE R 2.99-3.57, ERGM BN FERE, NK3 BTFE
BRI A L St & 5 RS BRI 84.2% , Horp LUE SRS T D F(55.6% ) , X — B FR KM+
B R WR A EILE MBI N R, I KRB 8 ( Evynnis cardinalis) 87} KIRGIFL A AR KT
RS, HMARZ KR EYEFRE N 2.93, X 5L E FEZLBY G, &S TR EEN
2.74% Pauly {A N SERYFRY)E SR BAETH; AT EB4E T RS, A 20 42 50 440 3.3 TR
1994 4E (9 3.1, F 345 10a KL TR 0.052 . WOYFTRIMGILH MK P AR E , EE WP G E M 60 44K
HIZL 45 8 ( Lutjanus sanguineus) \JK#R TR EH ( Gymnocranius griseus) . j5. 1 fifi ( Pomadasys kaakan ) Z5%% [n) — K AL
W8 4T3 /8 ( Trachurus japonicus ) | W [ #5 ( Decapterus maruadsi ) | 4x 2% 8 ( Nemipterus virgatus ) | 25 ¥ ¢ &ff
(Saurida tumbil) ' . WAh, TEMESIY, I3k RAR LAY BAE AR BT XYL S L4 15 3R
B, ol SR AP S 40 B, BV L IR AL N R B AR G 1 TR B 2 1) DA AR 0 o B PR D
a2 RICHHESI Y . BEMEILER A R 51 BB R B M AL R AR B R S R A
A —F,

FA AL ER A A BB T % L3R 11. 5% , B = T Lindeman f B MUT R B R G 10% 17 B 5 AR
R HAk G B R N 12.6% B BB TR AMIREH 1 10.4% . 18R IKBEFLERE B8 1L
HEVBBIRY 41% , HAR I 59% ME S W E Bz, A, EREENE, ERENREREHEET, K
H 7B BB TIEE B LL B R 8. 99% |, TSk B W1 AR 7= 3 i 18 ) 3k 91. 01% o W] UL, A5 A 24 38 4 MW R Ak
FEEFEARAF BN T FI R, A2 [ 28 R G AR JB P P A , IR R K T RETBE R IR B RCR .

Ecopath BEIEHE ) EE RRIERGEZ B EE W EZSRIR, 4 EE >0.8 WRKRREZ IR E
EJ1. EHG,B#EILER Ecopath BRI ¥V DIRERE R EE {EFE Y 0. 83—0. 96 (K 2) , R I RER 4L T ik
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B2 BB M HH T o MTI S A 3R IR LA — 2 M R W g AE B R G . BN EFRKINA
FIREERRXRKE, RET R EFRIRREXT RGBT REHE 52 M8 /0N , T v ) % AHS 43l ) Be#F
BARTHETHRN, HEFEAKESTAHESE ., KMAKMTAHEE (WIS MER) ZEKHE
FmR/N, XA RS BRTAESRENTRE S ERZAE X, ENZEXMNEYHZESFE A BE .

R 551534580 ( Connectance Index, CI) Fl RG22 & +5 %1 ( System Omnivory Index, SOI') #R2 [Z Bt £ 4t N &P
BERE IR . TEREAIRSE, RARREREZ 0 (R M%) #arm E 2%, CI 1 SOI EE#E T 17,
HATES LA B RGN CLF SOI 435027 0.290 F10.239 , AR EBILHESRE BN M E LR, R
BHVEFRRRBAFEH, Finn’ s fEFHE4(Finn’ s cycling index, FCI) M RETEAMES SN ER
{EL, i Finn’ s -3 #5424 B (Finn” s mean path length, MPL) 38 )2 B MER A B WHERFEKE, AR
G HHIE 2 — BL R R FEER I H s, BB R R S R K™ . BigdtE B R%ER FCI #
MPL 3850535 4. 380 F12.476 , 7%/ F Kuosheng Bay(30.4.4) ") Chesapeake Bay(30.3.6)®) Baltic Sea
(23.3.3) W EHERREB RS,

VIR 115 BRI & (TPP/TR) [ LU 2 RAE R G A IR BB 48hn , X WA MR 1, R\ RGEK
HLARRER MM R RERPREB N E , BRI TIAIAE H 558 . Christensen 345 T F
Ecopath #EHEIFAG B4R 41 MK LS RS H TPP/ TR, 1% HLAETE Bl 0. 8—3. 25 A 3CF| i Ecopath 5%
A S HTRE 1 ALER ) TPP/TR 38800 2. 596, R/ E B IL IR S HATb FARE “RICRE” , RE MR E
P2, G Z B IE sl . X E TR IEILIEE A S REMERRE LY 6 : R G A A dr R
B J158R AR/ INTE I 22 RS AR E B - BUM AR ST OR S . B FRG 1 FIRARAK, REWI R =K ik
ARBERERTRD . REPIERERHIEL, KGN HEEN REAL AN EMAHE, =
TLRIMNEARMZFRRIBSERNET AL, RELEH TPP/TR 8.68 . RS H £ 11 (NPP) 3K
i) SOI(0.290) F1 CI(0.239) AR aRE T 2. 93 56, # 7t/ R A M G L F I AR B2 — M LAY 32 5 BE i 157
EREEESRG . ZIMAEBSREREFUTRE. B, RGN BARS e /A TH0aE
5, RGEREEN FEREMEKR. ZERAS SBOLAESHEMBEL =BG E. HIK, EFR% 1 HF]
FAZRAR, i RUE SR IE) R, B 50 BRI R R T R BB K E Rk, RFAANBRBREET IR,
BRI ERIE P BV 2, AW R FR 3k, UM L N TR TS e i) R BOR IR, 5=, W BER#
FRKAHEERE , FEREMH RS, SR FBNAKMTERENYEFEMRESEREN TR
PR A7, ¥k BT IR 2 B0 /N EE AR(E Tk
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